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Abstract
Purpose—The purpose of this study was to determine whether young children who do (CWS) 
and do not stutter (CWNS) with a positive versus negative family history of stuttering differ in 
articulation, language and attentional abilities and family histories of articulation, language and 
attention related disorders.
Method—Participants were 25 young CWS and 50 young CWNS. All 75 participants’ caregivers 
consistently reported a positive or negative family history of stuttering across three consecutive 
time points that were about 8 months apart for a total of approximately 16 months. Each 
participant’s family history focused on the same, relatively limited number of generations (i.e., 
participants’ parents & siblings). Children’s family history of stuttering as well as articulation, 
language, and attention related disorders was obtained from one or two caregivers during an 
extensive interview. Children’s speech and language abilities were measured using four 
standardized articulation and language tests and their attentional abilities were measured using 
caregiver reports of temperament.
Results—Findings indicated that (1) most caregivers (81.5% or 75 out 92) were consistent in 
their reporting of positive or negative history of stuttering; (2) CWNS with a positive family 
history of stuttering, compared to those with a negative family history of stuttering, were more 
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likely to have reported a positive family history of attention deficit/hyperactivity disorder 
(ADHD), and (3) CWNS with a positive family history of stuttering had lower language scores 
than those with a negative family history of stuttering. However, there were no such significant 
differences in family histories of ADHD and language scores for CWS with a positive versus 
negative family history of stuttering. In addition, although 24% of CWS versus 12% of CWNS’s 
caregivers reported a positive family history of stuttering, inferential analyses indicated no 
significant differences between CWS and CWNS in relative proportions of family histories of 
stuttering.
Conclusions—Finding that a relatively high proportion (i.e., 81.5%) of caregivers consistently 
reported a positive or negative family history of stuttering across three consecutive time points 
should provide some degree of assurance to those who collect such caregiver reports. Based on 
such consistent caregiver reports, linguistic as well as attentional vulnerabilities appear associated 
with a positive family history of stuttering, a finding that must await further empirical study for 
confirmation or refutation.
Since the mid-1960’s, there has been a growing body of empirical evidence indicating that 
there is familial and/or genetic transmission of vulnerability to stuttering (e.g., Ambrose, 
Cox, & Yairi, 1997; Andrews & Harris, 1964; Buck, Lees, & Cook, 2002; Cox, Kramer, 
Kidd, & Rao, 1984; Kraft & Yairi, 2011). Initially, researchers studied such possible genetic 
contributions to stuttering by means of family history (e.g., Ambrose et al., 1997; Buck et 
al., 2002) as well as twin studies (e.g., Felsenfeld et al., 2000; Howie, 1981a, 1981b). In a 
review of 23 studies using the family history method published between 1924 and 1983, 
Yairi, Ambrose and Cox (1996) concluded that familial stuttering was apparent in 30% to 
60% of people who stutter (PWS; range = 20% – 74%) as compared with less than 10% of 
people who do not stutter (PWNS; range = 1.3% – 42%). It may be challenging to determine 
accurate percentages of familial stuttering among PWS versus PWNS given the 
methodological differences across studies, which may have contributed to the disparate 
findings. For instance, in our informal assessment of 21 accessible studies of a family 
history of stuttering (published between 1937 and 2011; see Table 1), between-study 
differences seem to be associated with: (1) participants’ chronicity status (i.e., persistent 
versus recovered stuttering), (2) the extent of family history data collection (i.e., immediate 
versus extended family members), and (3) varying data informants (i.e., whether family 
history was collected from caregivers versus the participant). Overall, based on these studies, 
it appears that a positive family history of stuttering was more apparent (i.e., higher 
percentage) in studies that (1) included participants with persistent stuttering, (2) gathered 
information about extended family members, and/or (3) were based on caregivers’ reports. It 
should be noted that more formal, systematic analyses are needed to confirm this informal 
assessment. Using the twin study method, Howie (1981a) reported that the estimated risk of 
stuttering in identical twins was higher (.77) than that in fraternal twins (.32). Likewise, 
Felsenfeld et al. (2000) reported that approximately 70% of the variance in liability to 
stuttering was accounted for by additive genetic effects, with the remainder by non-shared 
environmental effects. More recently, researchers have employed other techniques such as 
biological genetics. For example, systematic analysis of genetic variation indicated that there 
are 10 significant candidate genes associated with persistent developmental stuttering (Kraft 
& Yairi, 2011). Thus, whether findings are based on family histories, twin studies or more 
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modern-day genetic investigations, genetic processes appear to be associated with childhood 
stuttering.
Nature of Vulnerability to Stuttering
As shown above, converging lines of research suggests a genetic predisposition toward 
stuttering. However, what remains unclear is the “nature” of the vulnerability that prompts 
stuttering and is transmitted genetically (Yairi & Ambrose, 2005, p.302). Yairi and Seery 
(2015) proposed several possible vulnerabilities including structural and functional brain 
features, speech motor control, as well as personality or temperamental characteristics. 
Based on parent reports of a family history of stuttering, Subramanian and Yairi (2006) 
noted that stuttering and high-risk (i.e., individuals who do not stutter with a positive family 
history of stuttering) groups used different speech motor control strategies than those who 
do not stutter with a negative family history of stuttering. In contrast, Janssen, Kraaimaat 
and Brutten (1990) found no significant difference in reading abilities (e.g., errors and 
comprehension) or anxiety levels exhibited by school-age children who stuttered with a 
positive versus those with a negative family history of stuttering. Similarly, Seider, 
Gladstien, and Kidd (1982) reported no significant difference in the frequency of language 
problems between adults who stutter with a positive versus those with a negative family 
history of stuttering.
The above studies assessed the nature of stuttering vulnerabilities among school-age 
children and adults who stutter with a positive versus negative family history of stuttering. 
To date, however, relatively few have examined the nature of vulnerabilities among young 
children with a positive versus negative family history of stuttering. It is possible that some 
vulnerabilities (e.g., linguistic or attentional vulnerabilities) are more apparent during early 
childhood and diminish with maturation. This means that some vulnerabilities that may have 
triggered the onset of stuttering in young children may not necessarily be observed at a later 
age. Therefore, young children’s vulnerabilities should be investigated independently of 
those of older children or adults.
The purpose of this study was to better understand the nature of stuttering vulnerabilities, 
which may be familial. As a first step toward understanding such familial vulnerabilities, the 
present study investigated young children with and those without family histories of 
stuttering, relative to the following variables that have been found to be associated with 
childhood stuttering: 1) articulation (e.g., Ambrose, Yairi, Loucks, Seery, & Throneburg, 
2015, Blood, Ridenour, Qualls, & Hammer, 2003), 2) language (e.g., Ambrose et al., 2015; 
Ntourou, Conture & Lipsey, 2011) and 3) attentional processes (e.g., Clark, Conture, 
Walden, & Lambert, 2015; Felsenfeld, van Beijsterveldt, & Boomsma, 2010).
Such vulnerabilities and their impact on stuttering are accounted for by the relatively recent 
model of childhood stuttering: the Dual Diathesis-Stress Model of Childhood Stuttering 
(DD-S model, for overview of the model see: Conture & Walden, 2012; for experimental 
tests of the model, see: Choi, Conture, Walden, Jones & Kim, 2016; Walden, Frankel, Buhr, 
Johnson, Conture & Karrass, 2012). Briefly, the DD-S model proposes that children’s 
inherent speech-language and temperamental vulnerabilities interact with external linguistic 
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and emotional stress respectively, thus contributing to the onset and development of 
childhood stuttering. For example, the DD-S model predicts that children with lower 
language abilities would show greater increase in stuttering frequencies when placed under 
greater linguistic demands compared to children with higher language abilities. However, 
such differential effects of linguistic demands depending on the child’s language abilities 
would be less likely to be observed when linguistic demands are low.
Overall findings across several empirical studies/reviews suggest that, despite equivocal 
findings, childhood stuttering might be associated with delayed speech-language abilities 
(e.g., Pellowski, Anderson & Conture, 2000; Bloodstein & Ratner, 2008; Murray & Reed, 
1977; Ntourou et al., 2011; Ratner & Silverman, 2000) and poorer attentional processes 
(e.g., Eggers, Luc, Van den Bergh, 2010, 2012; Felsenfeld, van Beijsterveldt, & Boomsma, 
2010; Karrass et al. 2006; Jones et al., in press). For example, Arndt and Healey’s (2001) 
survey results from 241 speech-language pathologists revealed that 14.1% of children who 
stutter (CWS) have phonological disorders (compared to 2–25% of children who do not 
stutter [CWNS], Law, Boyle, Harris, Harkness, & Nye, 2000), 15.4% of CWS have language 
disorders (compared to 2.63% to 16% of CWNS, Law et al., 2000) and 14.3% of CWS have 
both phonological and language disorders. Additionally, about 4% (Arndt & Healey, 2001) 
to 26% (Riley & Riley, 2000) of CWS are reported to have attention-deficit/hyperactivity 
disorders (ADHD) whereas 2.7% of CWNS have ADHD (Paster, Reuben, Duran, & 
Hawkins, 2015). Perhaps, these developmental processes (e.g., language & attention), 
whether acting alone or in combination contribute to some children’s predisposition toward 
stuttering and/or are associated with a positive family history of stuttering.
Interestingly, studies have shown that speech-language or attentional vulnerabilities are 
likely to be transmitted in individuals with a positive family history of related disorders. 
(Lewis et al., 2006; Thapar, Holmes, Poulton, & Harrington, 1999). For example, Felsenfeld, 
McGue and Broen (1995) reported that 42% of children whose parent had an articulation 
disorder as a child exhibited “low-average” or “poor” performance on an articulation test 
whereas only 19% of the control children showed such low performance. Similarly, Alaraifi, 
Kamal, QA’Dan, & Haj-Tas (2014) found that 46.7% of patients (ages 6 to 35 years old) 
with articulation disorders reported a family history of functional articulation disorders. 
Regarding family histories of language disorders, Tallal, Townsend, Curtiss, and Wulfeck 
(1991) reported that approximately 65% (42/65) of the language-impaired children had a 
positive family history of language disorders; however, there were no data from non-
language impaired children reported in this study. Regarding family histories of ADHD, two 
retrospective studies reported that 20% to 21% of hyperactive children had a parent who was 
hyperactive as a child whereas 2% to 5% of controls had parents with the same symptoms 
(Cantwell, 1972; Morrison & Stewart, 1971). In addition, some studies have shown cross-
disorder familial risk. For example, Neils and Aram (1986) reported that compared to the 
control group, children with language disorders had significantly more caregiver reports of 
the presence of family histories of stuttering as well as speech, reading and language 
disorders.
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Purpose of the study
Therefore, the purpose of the present study was to determine between-group (CWS vs. 
CWNS) differences in family histories for: (1) stuttering; and (2) articulation, language and 
attention disorders. This study also attempted to determine within-group differences (i.e., 
separate, within talker group analyses) for children with a positive versus negative family 
history of stuttering in: (3) family histories of articulation, language and attention disorders 
and (4) articulation, language, and attentional abilities.
To address the aims of this study, we investigated the following six research questions:
Between-group comparisons (CWS vs. CWNS):
Research question 1 (CWS vs. CWNS): Do CWS, when compared to CWNS peers, 
significantly differ in family histories of stuttering?
Research question 2 (CWS vs. CWNS). Do CWS, when compared to CWNS peers, 
significantly differ in family histories of disorders of (1) articulation, (2) language, or 
(3) attention?
Within-group comparisons (Within CWS or CWNS):
Research question 3 (CWS with a positive vs. negative family history of 
stuttering): Do CWS with a positive family history of stuttering, significantly differ 
in family histories of disorders of (1) articulation, (2) language, or (3) attention, 
compared to CWS with a negative family history?
Research question 4 (CWNS with a positive vs. negative family history of 
stuttering): Do CWNS with a positive family history of stuttering, significantly 
differ in family histories of disorders of (1) articulation, (2) language, or (3) attention, 
compared to CWNS with a negative family history?
Research question 5 (CWS with a positive vs. negative family history of 
stuttering): Do CWS with a positive family history of stuttering, significantly differ 
in their (1) articulation, (2) language, and (3) attentional abilities, compared to CWS 
with a negative family history?
Research question 6 (CWNS with a positive vs. negative family history of 
stuttering): Do CWNS with a positive family history of stuttering, significantly 
differ in their (1) articulation, (2) language, and (3) attentional abilities, compared to 
CWNS with a negative family history?
The present study used caregiver reports to obtain family history information. Although 
findings from verbal reports of a family history have yielded results consistent with those 
obtained from more objective methods (e.g., DNA/genetic evidence), the reliability and 
validity of caregivers’ reports have been questioned by some (e.g., Kraft & Yairi, 2011; Yairi 
et al., 1996) because: (1) the information is usually not verified by other family members; 
(2) it may result in false-negative or false-positive identification (e.g., Hedges et al., 1995) 
and (3) results may be affected by additional confounding variables such as family size. 
Thus, Ambrose et al. (1997) suggested using more rigorous verification procedures to 
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increase the accuracy of such data, which involve collecting data from multiple informants 
and interviews across time.
The present study addressed the above concerns by only including the following family 
history reports: (1) caregiver reports that consistently indicated a positive or negative family 
history of stuttering across three successive time points, 8 months apart, spanning a total 16 
months; and (2) caregiver reports addressing the stuttering history of immediate or first-
degree relatives (parents & siblings). Despite these more rigorous methods, we do not 
contend that family history interviews yield identical data as those obtained from biological/
genetic studies.
Method
Participants
Participants were 75 monolingual, English-speaking children (46 boys, 29 girls; 25 CWS, 50 
CWNS) aged 36 to 71 months at the time of initial testing. Among them, 61 participants 
were Caucasian, 7 were African American, 2 were Asian, and 5 were multiracial. Study 
inclusion criteria, group classification, recruitment strategy, and participant selection 
procedure are described below.
Study Inclusion Criteria
To prevent confounding factors from affecting the results and to increase the reliability of 
caregiver-reported family history data, we employed the following inclusion criteria.
Criteria for consistent reports of family history—The following two consistency 
criteria were employed to minimize the frequency of false positive or false negative 
identification of family histories of stuttering or articulation, language, and attention-related 
disorders: (1) Participants included in the study’s analyses completed three diagnostic visits, 
and (2) their caregivers consistently reported either the presence or absence of a family 
history of stuttering among first-degree relatives (i.e., immediate family including parents, 
and siblings). We included family history information from immediate family members only, 
to minimize the variation of family sizes across families (Kraft & Yairi, 2011) and to prevent 
possible inaccuracies associated with recall of stuttering among extended family members if 
those individuals are not present to verify such information (Ambrose et al., 1997). Reports 
were considered consistent if they were identical across the three time points about 8 months 
apart over the course of approximately16 months. For research questions involving family 
histories of articulation, language and attention-related disorders (i.e., research questions 2, 
3, & 4), children with inconsistent reports of family histories of those disorders were 
additionally excluded.
Criteria for articulation, language, and hearing abilities—The following 
articulation, language and hearing criteria were employed to prevent confounding factors 
from affecting the results. Participants performed within normal limits (i.e., scored at the 
16th percentile or higher) on the (1) Peabody Picture Vocabulary Test – Fourth Edition 
(PPVT; Dunn & Dunn, 2007), (2) Expressive Vocabulary Test – Second Edition (EVT; 
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Williams, 2007), (3) Test of Early Language Development – Third Edition (TELD; Hresko, 
Reid, & Hamill, 1999), and (4) Sounds in Words subtest of the Goldman-Fristoe Test of 
Articulation 2 (GFTA; Goldman & Fristoe, 2000). Furthermore, each child passed a bilateral 
pure tone hearing screening. Fisher’s Exact Test indicated no significant between-group 
(CWS vs. CWNS) differences in the rates of children with below-normal-limit articulation 
(based on GFTA standard scores, p = 1.00, Cramer’s V = .002) or language abilities (based 
on composite language scores, see p.14 for calculation of composite language scores; p = .
772, Cramer’s V = .031).
By ensuring that all participants performed within normal limits, the authors mitigate the 
possibility that a chance disproportionate representation of articulation or language disorders 
in any of the participant subgroups could in turn confound the results. Such a 
disproportionate representation would be particularly problematic when analyzing the family 
histories of articulation and language disorders in CWS versus CWNS. This is due to the 
possibility that children with below-normal-limit articulation or language abilities are more 
likely to have positive family histories of articulation or language disorders respectively 
(Felsenfeld et al., 1995; Tallal et al., 1991).
Criteria for developmental and treatment history—No participant had received any 
known or reported formal treatment for stuttering or other communication disorders prior to 
participation. Likewise, no participant had any known or reported neurological, 
developmental, academic, intellectual, or emotional problems.
Group Classification
Groups based on stuttering diagnosis: CWS versus CWNS—Participants were 
considered CWS if they (a) exhibited three or more stuttered disfluencies during 
conversational speech based on a 300-word sample (Conture, 2001) and (b) received a total 
overall stuttering severity score of 11 or above (i.e., a severity equivalent of at least “mild”) 
on the Stuttering Severity Instrument-3 (SSI-3, Riley, 1994). Participants were considered 
CWNS if they (a) exhibited two or fewer stuttered disfluencies during conversational speech 
based on a 300-word sample, and (b) received a total overall stuttering severity score of 10 
or below (i.e., a severity equivalent of “very mild”) on the SSI-3.
Groups based on family history of stuttering—Participants were considered to have 
a positive family history of stuttering if their caregivers consistently reported a presence of a 
family history of stuttering among first-degree relatives (i.e., parents & siblings) once every 
8 months for three time points. Participants were considered to have a negative family 
history of stuttering if their caregivers consistently reported an absence of a family history of 
stuttering among first-degree relatives (i.e., parents & siblings) once every 8 months for 
three time points.
Recruitment Strategy
Participants were recruited through the following methods in the metropolitan Nashville, 
Tennessee area: (a) a free, regionally-distributed parent-oriented magazine, (b) local health 
care provider referrals, or (c) self/professional referral to the Vanderbilt Developmental 
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Stuttering Laboratory. Participants were part of an ongoing series of investigations of 
linguistic and emotional contributors to developmental stuttering conducted by the 
Vanderbilt University Developmental Stuttering Project (Arnold, Conture, Key, & Walden, 
2011; Choi, Conture, Walden, Lambert, & Tumanova, 2013; Choi et al., 2016; Clark, 
Conture, Frankel & Walden, 2012; Clark, Conture, Walden, & Lambert, 2013, 2015; 
Johnson, Walden, Conture, & Karrass, 2010; Jones et al., 2014; Jones, Conture, & Walden, 
2014; Jones et al., in press; Ntourou, Conture, & Walden, 2013; Tumanova, Conture, 
Lambert & Walden, 2014; Zengin-Bolatkale, Conture, & Walden, 2015). The study’s 
protocol was approved by the Institutional Review Board of Vanderbilt University. 
Caregivers signed informed consent and children gave assent for participation.
Participant selection procedure
From an initial pool of 195 participants (15 CWS females, 64 CWS males; 54 CWNS 
females, 62 CWNS males), 8 CWS and 9 CWNS were excluded from this study because 
they failed to meet the articulation-language criteria. Of the remaining 178 participants, 37 
CWS and 49 CWNS were excluded due to incomplete family history of stuttering data 
across all three time points. An additional 17 more participants were removed because their 
caregivers did not consistently report a family history of stuttering across all three time 
points. Thus, the final data corpus consisted of 75 children (25 CWS & 50 CWNS) whose 
data were analyzed for all but three of the present research questions.
Specifically, for research questions 2 to 4, we additionally excluded children whose 
caregivers provided inconsistent reports of family histories of articulation disorders (N = 10; 
4 CWS & 6 CWNS), language disorders (N = 4; 3 CWS & 1 CWNS) or ADHD (N = 8; 2 
CWS & 6 CWNS) across the 3 time points.
Procedures
Each participant and his/her caregiver(s) visited the Vanderbilt Developmental Stuttering 
Laboratory three times about 8 months apart spanning a period of approximately 16 months. 
At each time point, during the caregiver interview, the caregiver was presented with a family 
tree diagram (Richels & Conture, 2010, p.35) and asked to indicate whether the participants’ 
siblings (if applicable), parents, grandparents, and/or great-grandparents stuttered or had 
other articulation, language, or attention-related disorders as children or adults. A relative 
was positively identified with a history of one of these issues regardless of whether he/she 
recovered from the disorder.
For the purposes of the present study, children who were adopted were not included in the 
final data analysis. Furthermore, to make our findings comparable with previous work in this 
area (see Table 1), it is important to note that we only analyzed caregiver-report data for the 
child’s sibling(s) and parent(s) (even though caregivers were asked questions about the 
child’s grandparents and great-grandparents). To help the caregiver complete the family tree 
of disorders, the following verbal instruction was provided by an examiner:
“Here is a diagram that shows a family tree with various emotional, behavioral and 
communication disorders, with each disorder indicated by letters at the bottom of the page. 
If you know anyone in your family who has or had any of these disorders, please put – at the 
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place in the tree (for example, the child’s mother) – the letter(s) for the disorder (for 
example, put AD for attention deficit/hyperactivity disorder). If your child has siblings, you 
can indicate those on the tree to the right or to the left of the child, using a circle for a girl 
and a box for a boy.”
Such verbal instructions were repeated for any caregiver who requested them and/or had 
question(s) about how to complete the family tree of disorders.
Subsequently, the caregiver was asked to report their occupation and highest degree 
completed and to rate their child’s temperamental characteristics on the Behavioral Style 
Questionnaire (BSQ, McDevitt, & Carey, 1978). While one examiner conducted the parent 
interview, another engaged with the child during free-play, obtaining at least a 300-word 
conversational sample (Conture, 2001). Children’s stuttering frequency and severity were 
determined based on these conversational samples, which were analyzed in real-time. After 
the free-play, children were administered a series of standardized articulation/language tests 
in the following fixed order: GFTA, PPVT, EVT, and TELD (for additional information 
about these measures, see above Criteria for articulation, language, and hearing abilities).
Data Analyses
Different statistical procedures were conducted to answer each research question, details of 
which are presented in the Results below. Of note, according to Bender and Lange (2001), 
exploratory studies do not require multiple test adjustments. Given the exploratory nature of 
present study, no adjustment for multiple tests was made.
The main dependent variables for research questions 5 and 6 were measured as follows. 
Participants’ articulation abilities were indexed by GFTA standard scores. Their language 
abilities were indexed by composite language scores. The composite language scores were 
calculated by averaging the standard scores from the four standardized language tests (i.e., 
PPVT, EVT, TELD-receptive, TELD-expressive tests). Their attentional abilities were 
indexed by the Distractibility scores on the BSQ.
Results
Descriptive Analyses
Consistency of caregiver reports—As mentioned in the method section, of the 92 
caregivers who reported a family history of stuttering across 3 consecutive time points, 
81.5% (n = 75) of them consistently reported either the presence or absence of family 
history of stuttering in their immediate family members across 3 time points.
Group characteristics: Gender, age, SES & Speech fluency—Prior to testing the 
main research questions, a series of Fisher’s Exact tests assessed the relations between 
gender and talker groups as well as gender and a family history of stuttering. Additionally, a 
series of Mann-Whitney U tests (Mann & Whitney, 1947) assessed whether there are 
differences in chronological age, SES, and speech fluency between CWS and CWNS, as 
well as between children with a positive versus negative family history of stuttering. Table 2 
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provides descriptive information of the gender ratio, age, SES, and speech fluency of 
children (CWS & CWNS) with a positive versus negative family history of stuttering.
Consistent with Yairi and Ambrose (2013), Fisher’s Exact Test showed a significant relation 
between talker groups and gender (p = .001, Cramer’s V = .387), with the CWS sample 
consisting of more boys (N = 22) than girls (N = 3), whereas for the CWNS sample, there 
are relatively equal numbers of boys (N = 24) and girls (N = 26). There was no significant 
group difference (CWS vs. CWNS) in chronological age (CWS M = 44.96 months, SD = 
6.78; CWNS M = 48.78 months, SD = 9.61; Z = −1.457, U = 495.00 p = .145). The SES 
scores were calculated by multiplying the scale value for occupation (range from 1 to 9) by a 
weight of 5 and the scale value for education (range from 3 to 7) by a weight of 3 (for more 
details, see Hollingshead, 2011). There was no significant group difference in SES (CWS M 
= 51.22, SD = 10.85; CWNS M = 50.30, SD = 12.11; Z=−.236, U=604.00, p=.813). As 
would be expected based on talker group classification criteria, CWS (M = 11.91%, SD = 
4.57), compared with their CWNS peers (M = 4.91%; SD = 2.82), had significantly more 
total disfluencies, Z =−6.034, U =88.500, p < .001. Likewise, CWS (M = 7.32%, SD = 
3.39), compared with CWNS (M = 1.37%, SD = .82) had significantly more stuttered 
disfluencies, Z =−7.046, U = .000, p < .001. Likewise, CWS had significantly higher mean 
scores on the SSI-3 (M = 17.60; SD = 4.82) than CWNS (M = 6.80; SD = 1.86), Z = −7.205, 
U = .000, p < .001. Conversely, there was no significant difference in frequency of 
nonstuttered disfluencies between CWS (M = 4.59%, SD = 2.96), and CWNS (M = 3.54%. 
SD =2.71), Z =−1.576, U = 485.22, p = .115.
Table 2 shows that for all 75 children, there was no significant relation between gender and a 
family history of stuttering (p = .757, Cramer’s V =.048), although there was a trend that the 
male to female ratio was higher (18:1) in CWS with a negative family history of stuttering 
compared to those with a positive family history (2:1), consistent with the findings of Seider 
et al. (1982). For all 75 children, there was no significant difference in chronological age (Z 
= −1.266, U = 290.00, p = .206) and in SES (Z = −.014, U = 377.00, p = .988) between 
children with a positive versus negative family history. Likewise, there were no significant 
differences in the frequency of stuttered (Z = −1.609, U = 267.00, p = .108), nonstuttered (Z 
= −.239, U = 361.50, p = .811), total disfluencies (Z = −.853, U =, 319.00, p = .394) and SSI 
total scores (Z = −1.319, U = 289.00, p = .187) between children with a positive (i.e., CWS
+CWNS N = 12) versus those with a negative (i.e., CWS+CWNS N = 63) family history of 
stuttering. This is consistent with Kidd, Heimbuch, Records, Oehlert, and Webster (1980)’s 
finding that a family history of stuttering does not appear to be related to severity of 
stuttering in adults.
Inferential Analyses
Table 6 provides the standardized articulation, language and attention test scores of children 
(CWS or CWNS or all) with a positive versus negative family history of stuttering. Specific 
findings based on inferential analyses are discussed below.
Research question 1: Family history of stuttering (CWS vs. CWNS)—For 
research question 1, Fisher’s Exact Test (Mehta & Patel, 1983) assessed the interdependence 
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between talker groups (CWS vs. CWNS) and a family history of stuttering. Descriptively, 
more CWS (24%) had a positive family history of stuttering than CWNS (12%). However, 
the results of the Fisher’s Exact Test showed no significant relation between talker groups 
and a family history of stuttering, (p = .198, Cramer’s V = .154), indicating that CWS and 
CWNS did not significantly differ in the occurrence of stuttering in immediate families.
Research question 2: Family history of other disorders (CWS vs. CWNS)—For 
research question 2, three separate Fisher’s Exact Tests assessed interdependence between 
talker groups (CWS vs. CWNS) and family histories of (1) articulation disorders, (2) 
language disorders and (3) ADHD. Descriptively, 10.5% of CWS and 15.8% of CWNS had 
a positive family history of articulation disorders. However, the results of the Fisher’s Exact 
Test showed no significant relation between talker groups and a family history of articulation 
(p = 1.00 Cramer’s V = .059), indicating that CWS and CWNS did not significantly differ in 
the occurrence of articulation disorders in immediate families. Similarly, CWS and CWNS 
did not significantly differ in the occurrence of language disorders in immediate families (p 
= 1.00, Cramer’s V = .114) although informal description of the present sample indicated 
that 0% of CWS and 4.3% of CWNS had a positive family history of language disorders. 
Likewise, CWS and CWNS did not significantly differ in the occurrence of ADHD in 
immediate families (p = 1.00, Cramer’s V = .034) although informal description of the 
present sample indicated that 9.5% of CWS and 7.3% of CWNS had a positive family 
history of ADHD.
Research question 3: Family history of stuttering and family history of other 
disorders in CWS—For research question 3, two separate Fisher’s Exact Tests were 
performed to determine the interdependence between a family history of stuttering and 
family histories of (1) articulation disorders and (2) ADHD in CWS. Findings indicated that 
CWS with a positive versus a negative family history of stuttering did not significantly differ 
in the occurrences of articulation disorders (CWS, p = 1.00, Cramer’s V = .205, Table 3) and 
ADHD (p = 1.00, Cramer’s V = .183, Table 5) in immediate families. However, the Fisher’s 
Exact Test was not completed to assess the interdependence between a family history of 
stuttering and family history of language disorders, because there was no CWS with a 
positive family history of language disorders after excluding 3 CWS with inconsistent 
reports of family history of language disorders (Table 4).
Research question 4. : Family history of stuttering and family history of other 
disorders in CWNS—For research question 4, three separate Fisher’s Exact Tests were 
performed to determine the interdependence between a family history of stuttering and 
family histories of (1) articulation disorders, (2) language disorders and (3) ADHD in 
CWNS. Findings indicated that CWNS with a positive versus a negative family history of 
stuttering did not significantly differ in the occurrences of articulation disorders (p =1.00, 
Cramer’s V = .035, Table 3) and language disorders (p = 1.00, Cramer’s V = .077, Table 4) 
in immediate families. However, CWNS with a positive family history of stuttering were 
more likely to have ADHD in immediate families than CWNS with a negative family history 
of stuttering (p = .018, Cramer’s V = .542, Table 5). Specifically, 50% of CWNS with a 
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positive family history of stuttering had a positive family history of ADHD whereas 2.6% of 
CWNS with a negative family history of stuttering had a positive family history of ADHD.
Research question 5: CWS’s family history of stuttering and their articulation, 
language and attentional abilities—Prior to testing the research questions 5 and 6, we 
imputed 7 missing values on the TELD receptive and expressive tests using the Expectation 
Maximization method (Dempster, Laird, & Robin, 1977). These imputed values were used 
to create the composite language scores (i.e., an index of language abilities) in the analytical 
model for research questions 5 and 6.
For research question 5, we conducted a series of preliminary analyses to test the normality 
of distribution and homogeneity of variance to confirm that the assumptions of Analyses of 
Covariance (ANCOVA; Keselman et al., 1998) are met. Findings indicated that CWS’s 
composite language scores (skewness = −.142, Shapiro-Wilk p = .625) and BSQ 
Distractibility scores (i.e., an index of attentional abilities; skewness = −.219, Shapiro-Wilk 
p = .555) were normally distributed whereas the distribution of their GFTA standard scores 
(i.e., an index of articulation abilities) was slightly negatively skewed (skewness = −1.308., 
Shapiro-Wilk p = .037). Thus, a reflected square root transformation was used to normalize 
the GFTA data (Quinn & Keough, 2002). After transformation, the distribution of GFTA 
standard scores became normal (skewness = .503, Shapiro-Wilk p =.673). Thus, the 
transformed GFTA scores were used as a dependent variable for research question 5. Also, 
Levene’s test assessed homogeneity of variance and showed that this assumption was not 
violated for the composite language scores (p = .835), transformed GFTA scores (p = .596), 
and BSQ Distractibility scores (p = .553).
To address research question 5, three separate ANCOVAs were conducted (Keselman et al., 
1998) for only CWS. In each ANCOVA model, groups with a positive versus negative 
family history within CWS served as an independent variable and participants’ (1) 
transformed GFTA scores, (2) composite language scores, or (3) BSQ Distractibility scores 
served as dependent variables respectively. The following covariates were included in the 
model to control for their possible effects on the dependent variables: participants’ 
chronological age (in months) at the first visit, gender and maternal education (Dollaghan et 
al., 1999).
For CWS, the results of ANCOVA indicated no main effect of a family history of stuttering 
for articulation (F = 2.991, p = .099, η2 = .130, observed power = .377), language (F = .965, 
p = .338, η2 = .046, observed power = .155), and attentional abilities (F = .642, p = .433, η2 
= .034, observed power = .118) (see Table 6).
Research question 6: CWNS’s family history of stuttering and their 
articulation, language and attentional abilities—For research question 6, we 
conducted a series of preliminary analyses to test the normality of distribution and 
homogeneity of variance to confirm the assumptions of ANCOVA are met. Findings 
indicated that the BSQ Distractibility (skewness = .264, Shapiro-Wilk p = .124) and GFTA 
standard scores (skewness =−.451, Shapiro-Wilk p =.421) were normally distributed 
whereas the composite language scores were significantly negatively skewed (skewness = −.
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804, Shapiro-Wilk p = .031). Thus, a reflected square root transformation was used to 
normalize the composite language scores (Quinn & Keough, 2002). After transformation, 
the distribution of composite language scores became normal (skewness = −.315, Shapiro-
Wilk p = .668). Thus, the transformed language composite scores were used as a dependent 
variable for research question 6. Also, Levene’s test assessed homogeneity of variance and 
showed that this assumption was not violated for the transformed composite language scores 
(p = .733), GFTA standard scores (p = .336), and BSQ Distractibility scores (p = .537).
To address research question 6, three separate ANCOVAs were conducted for CWNS only. 
In each ANCOVA, groups with a positive versus negative family history within CWNS 
served as an independent variable and participants’ (1) GFTA standard scores, (2) 
transformed composite language scores, or (3) BSQ Distractibility scores served as 
dependent variables respectively. Participants’ chronological age (in months) at the first 
visit, gender and maternal education were covariates.
For CWNS, the results of ANCOVA indicated no main effect of a family history of 
stuttering for articulation (F = .566, p = .456, η2 = .012, observed power = .114) and 
attentional abilities (F = 1.339, p = .254, η2 = .032, observed power = .204). However, 
results of ANCOVA indicated a significant main effect of a family history of stuttering on 
children’s language abilities (F = 10.848, p = .002, η2 = .194, observed power = .897) (see 
Table 6). Specifically, CWNS with a positive family history of stuttering exhibited lower 
language abilities than those with a negative family history of stuttering.
Discussion
Overview of Main Findings
Findings indicated that (1) a relatively high proportion (81.5%) of caregivers reported 
consistently a positive or negative family history of stuttering across time, (2) CWNS who 
had a positive family history of stuttering were more likely to report a family history of 
ADHD than CWNS with a negative family history of stuttering, and (3) CWNS who had a 
positive family history of stuttering had lower language abilities than those with a negative 
family history of stuttering. The general implications of each of these findings as well as 
other non-significant findings will be discussed below.
Consistent Report of Family History of Stuttering Over Time
The first finding indicated that a relatively high proportion (i.e., 81.5%) of caregivers 
consistently reported a positive or negative family history of stuttering across three 
consecutive time points. Although caregiver reports have been routinely used to determine a 
child’s family history of stuttering, the reliability of such methods have not always been 
clearly reported. In attempts to address this concern, we employed a relatively strict 
verification procedure. Our finding should provide some degree of assurance to those who 
collect such caregiver reports, whether for clinical or research purposes. We speculate that 
the inconsistent reports of the remaining 18.5% of caregivers may have resulted from later 
changes or correction of information. For example, by the second or third time point, 
additional family members may have developed or recovered from stuttering, or caregivers 
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may have later learned that their initial information was inaccurate. Perhaps, some 
inconsistent reports related to informants’ reluctance to share their family’s health profile 
with unfamiliar examiner. Nevertheless, the fact that the majority of parents appear 
consistent in reporting a family history of stuttering suggests that those who collect such 
information can assume that such reports are reasonably stable over time.
Relation of Attentional Vulnerability to Family History of Stuttering
The second main finding indicated that CWNS with a positive family history of stuttering 
were more likely to have a positive family history of ADHD than CWNS with a negative 
family history of stuttering. Such findings are curious given that (1) no significant relation 
was found between CWS’s family history of stuttering and family history of ADHD (a 
finding associated with research question 3); and (2) children with a positive versus negative 
family history of stuttering did not significantly differ in their attentional abilities based on 
caregiver reports (findings associated with research questions 5 and 6). Nevertheless, the 
present finding indicates a possible association between ADHD and stuttering at a genetic or 
epigenetic1 level. This speculation is supported by comorbidity findings of ADHD and 
stuttering, ranging from 4% (Arndt & Healey, 2001) to 26% (Riley & Riley, 2000). Donaher 
and Richels (2012) further reported that both disorders have a higher concordance in 
identical than fraternal twins (Andrews, Morris-Yates, Howie, & Martin, 1991; Godai, 
Tatarellli, & Bonanni, 1976) and occur more often in boys than girls. Regarding the 
association among stuttering, attention, and gender, Clark et al. (2015) found that “hyper-
attentiveness” or minimal distractibility (i.e., minimal rapid shifting and/or fluctuating of 
attentiveness) is more frequent in young boys than young girls who stutter, consistent with 
the results of an earlier study by Anderson, Pellowski, and Conture (2003). Interestingly, 
neuroimaging studies have shown that both individuals with ADHD (Aylward et al., 1996; 
Hart, Radua, Nakao, Mataix-Cols, & Rubia, 2013; Teicher et al., 2000) and those who stutter 
(Alm, 2004; Giraud et al., 2008; Tani & Sakai, 2011) have structural and functional 
differences in the basal ganglia compared to the typical population. In the same vein, 
findings from genetic studies suggested that dopamine genes are associated with both 
ADHD (Swanson et al., 2000) and stuttering (Lan et al., 2009). Further investigations are 
warranted to better understand the possible association between stuttering and ADHD, 
employing different or advanced methodologies than those used in the present study.
Relation of Linguistic Vulnerability to Family History of Stuttering
The third main finding indicated that CWNS with a positive family history of stuttering had 
lower language abilities than those with a negative family history of stuttering. Although 
young CWNS exhibited a significant association between children’s language abilities and 
caregiver reports of a family history of stuttering, CWS exhibited no such association. This 
non-significant finding for CWS is not completely surprising because it is consistent with 
Seider et al.’s (1982) finding based on adults who stutter. On the other hand, the present null 
finding for CWS may have been attributed to lower observed power for CWS when 
compared to CWNS. Thus, further research with a larger sample size is warranted to more 
1Epigenetic refers to “a heritable state of gene expression that is not due to changes in the DNA sequence.” (Barres & Zierath, 2011, 
p.899)
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adequately determine the association between CWS’s language abilities and family history 
of stuttering.
That being said, findings suggest that a possible linguistic vulnerability may be transmitted 
in families with a positive history of stuttering. Such a linguistic phenotype2 of children with 
a positive family history of stuttering may be a manifestation of several underlying factors: 
(1) genetics or epigenetics, (2) environment, and/or (3) gene-environment interaction 
(Riches et al., 2011). With the current data, however, it is challenging to determine 
whether/how these underlying factors contribute to linguistic vulnerabilities among CWNS 
with a positive family history of stuttering. Thus, further investigation of genetic, epigenetic 
or environmental contributions to linguistic traits is warranted to determine how children’s 
linguistic vulnerability may be associated with familial and/or genetic predisposition to 
stuttering.
With the above cautions in mind, the following speculation is put forward. Perhaps, genetic 
predispositions to stuttering are associated with several vulnerabilities in emotional, 
linguistic, motoric, or other processes. Depending on the weighting of each vulnerability, 
and interactions with other (e.g., environmental) stimuli/stressors, a child’s genetic 
predisposition to stuttering may or may not result in the onset of stuttering. Such a 
speculation is based on the multifactorial model of stuttering (Smith & Kelly, 1997), 
suggesting that no single factor is necessary or sufficient for stuttering to occur. Instead, the 
model suggests that it is “the weighting of factors that determines whether an individual is in 
the diagnostic space of stuttering” (p.209). Similarly, Yairi and Seery (2015) also suggested 
that “a particular characteristic that increases the susceptibility for stuttering may not, by 
itself, cause the stuttering, but when it co-occurs with certain other characteristics, stuttering 
may be expressed” (p.167). Thus, linguistic vulnerability may be a component of a group of 
vulnerabilities in a family with a history of stuttering.
Talker Group and Family Histories of Stuttering, Articulation Disorders, Language 
Disorders and ADHD
Research questions 1 and 2 of the present study produced null findings that warrant 
discussion. Regarding the research question 1, although descriptive statistics suggested more 
caregiver reports of a family history of stuttering among CWS than CWNS, inferential 
statistics indicated no significant relation between a family history of stuttering and talker 
groups. Such unexpected findings are not surprising for the following reasons. First, many 
previous empirical studies on young children’s stuttering reported descriptive but inferential 
analyses, making it difficult to compare present findings. Second, as shown in Table 1, our 
descriptive findings fall within the range reported in the literature. Specifically, our study 
found that (1) 24% of CWS had a family history of stuttering, compared to 23.3% to 72.1% 
reported in the literature; and (2) 12% of CWNS had a family history of stuttering, 
compared to 6% up to 15.6% reported in the literature. Discrepant findings between the 
present and previous studies may be due to differences in methodologies (e.g., obtaining 
data from multiple vs. single informants) and participant characteristics (e.g., extended vs. 
2A phenotypic trait is an “observable manifestation of an underlying genetic code, or a gene-environment interaction” (Riches, 
Loucas, Baird, Charman, & Simonoff, 2011, p.24).
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immediate families, persistent vs. recovered stutterers; for further details pertaining to these 
between-study methodologies, see Table 1). For example, we found comparable results upon 
comparing the present study to one particular study with participants of similar 
characteristics (e.g., ages 2 to 6 years; Shin, Chon, and Lee, 2011, with 27.3% of young 
Korean children (N = 227) having first-degree relatives who stuttered compared to the 24% 
of children in the present study. Fourth, perhaps our relatively lower percentage of CWS 
with a positive family history of stuttering resulted from the present study’s rigorous 
selection criteria (i.e., excluding participants if caregiver reports were inconsistent across 
three time points over the course of 16 months). For example, Ambrose, Yairi and Cox 
(1993), updated/added new cases of stuttering in families across four time points. Some of 
these “updated” or “additional” families would have been excluded from the present study 
because they did not meet the “consistency criteria”. As would be recalled, we excluded 17 
children (9 CWS and 8 CWNS) from the final data corpus due to the consistency criteria. 
When we added those 17 children back to the data sample, the percentage of CWS with a 
positive family history rose to 42.4%. These updated CWS findings are comparable to those 
of Ambrose et al. who reported that 43% CWS had a positive family history of stuttering in 
their immediate family. We await future investigations to determine the reliability and 
validity of these varying subject selection procedures.
The finding related to the research question 2 indicated no significant relations between 
talker groups and family histories of 1) articulation disorders, 2) language disorders, and 3) 
ADHD. Although Neils and Aram (1986) reported that children with language disorders had 
significantly more family histories of stuttering as well as speech, reading and language 
disorders than the control group, the present finding does not support such cross-disorder 
familial risk. Specifically, this finding suggests that familial vulnerability to articulation, 
language or attention related to disorders per se does not appear to contribute to onset and 
development of stuttering. Further investigation on cross-disorder familial risk is warranted 
to determine how children’s genetic, epigenetic, or environmental vulnerability to 
articulation, language and attention related disorders is associated with onset and 
development of stuttering.
Limitations
Several limitations are worth mentioning when interpreting the present study’s findings. 
First, the present methods did not involve genetic analyses that would have allowed us to 
more directly examine genetic contributions to children’s speech-language. Still, this 
exploratory investigation did use careful, replicable inclusion criteria, with findings 
contributing to a comprehensive understanding of childhood stuttering.
Second, although the number of generations per participant was a priori controlled, other 
factors such as the number of siblings per participant were not. Hence, the present data do 
not allow us to determine the role played, if any, by the number of siblings in either reported 
a family history of stuttering or other participant characteristics (e.g., level of language 
development). Future studies should consider obtaining information regarding the number 
and gender of participants’ siblings.
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Third, both CWS’s and CWNS’s sample sizes were relatively modest suggesting low to high 
power to reject the null hypothesis (see the observed power reported in the results related to 
research questions 5 and 6).
Fourth, although rare, it is possible that some caregivers of CWNS with a positive family 
history of stuttering participated in the present study because they wanted to make sure that 
their children are not at risk of developing stuttering due to their positive family history of 
stuttering. If this were the case, this might have contributed to an inflation of CWNS with a 
positive family history of stuttering, which may account for the present finding of no 
significant difference in a family history of stuttering between CWS and CWNS. Similarly, 
it is also possible that some caregivers of CWNS with a positive family history of stuttering 
might notice their children’s speech-language and/or behavioral problems more readily than 
those without a family history of stuttering, which might have led them to bring their 
children to the laboratory for this study.
Fifth, family history data were obtained mostly from a single informant rather than multiple 
informants. This may have increased false-positive or false-negative identification of family 
histories of disorders especially regarding the informant’s spouse’s side of family. 
Nonetheless, this may make our findings more applicable to clinical practice and/or research 
studies because in most clinical settings, speech-language pathologists obtain family history 
data from a single informant (for practical reasons, such as the availabilities of both 
caregivers). That being said, future studies might consider collecting family history 
information from at least two informants as suggested by Ambrose et al. (1997) to increase 
reliability of the data.
Conclusion
Overall, the present findings show that caregiver reports of a family history of stuttering are 
reasonably stable over time. Furthermore, findings provide an insight into the nature of 
vulnerabilities that is transmitted in families with a positive history of stuttering. 
Specifically, findings may be cautiously taken to suggest a possible association between a 
family history of ADHD and a family history of stuttering at least for CWNS. Questions 
about whether the nature of such associations is genetic, environment or their interaction 
must await further study for answers. Similarly, relatively lower language abilities during 
early childhood may be observed in families with a history of stuttering. Perhaps, such 
vulnerability in language may contribute to a child’s stuttering depending on whether it co-
occurs with other vulnerabilities or environmental stressors.
Taken together, future investigations are warranted to determine possible linguistic and 
attentional vulnerabilities in children with a positive family history of stuttering. Such 
studies should consider using more cortical, experimental and genetic methodologies to 
further elucidate and elaborate on present findings.
Acknowledgments
This study was supported by the following National Institute of Health Grants: R01 DC000523-17 and R01 
DC006477-01A2, the National Center for Research Resources, a Clinical and Translational Science Awards (1 UL1 
Choi et al. Page 17
J Commun Disord. Author manuscript; available in PMC 2019 January 01.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
RR024975 & UL1TR000445) to Vanderbilt University, and a Vanderbilt University Discovery Grant. We also 
extend our appreciation to the participants and their families without whose cooperation this study could not have 
been conducted.
References
Alaraifi J, Kamal S, Qa'dan WE, Haj-Tas M. 2014; Family history in patients who present with 
functional articulation disorders. Education. 135(1):1–8.
Alm P. 2004; Stuttering and the basal ganglia circuits: a critical review of possible relations. Journal of 
communication disorders. 37(4):325–369. [PubMed: 15159193] 
Ambrose N, Cox N, Yairi E. 1997; The genetic basis of persistence and recovery in stuttering. Journal 
of Speech, Language, and Hearing Research. 40(3):567–580.
Ambrose NG, Yairi E, Cox N. 1993; Genetic aspects of early childhood stuttering. Journal of Speech, 
Language, and Hearing Research. 36(4):701–706.
Ambrose N, Yairi E, Loucks T, Seery C, Throneburg R. 2015; Relation of motor, linguistic and 
temperament factors in epidemiologic subtypes of persistent and recovered stuttering: Initial 
findings. Journal of Fluency Disorders. 45:12–26. [PubMed: 26117417] 
Anderson J, Pellowski M, Conture E, Kelly E. 2003; Temperamental characteristics of young children 
who stutter. Journal of Speech, Language, and Hearing Research. 46(5):1221–1233.
Andrews, G, Harris, M. The syndrome of stuttering. Clinics in Developmental Medicine, no. 17. 
London: Spastics Society Medical Education and Information Unit in association with W. 
Heinemann Medical Books; 1964. 
Andrews G, Morris-Yates A, Howie P, Martin N. 1991Genetic factors in stuttering confirmed. Archives 
of General Psychiatry. 
Arndt J, Healey E. 2001; Concomitant disorders in school-age children who stutter. Language, Speech, 
and Hearing Services in Schools. 32(2):68–78.
Arnold H, Conture E, Key A, Walden T. 2011; Emotional reactivity, regulation and childhood 
stuttering: A behavioral and electrophysiological study. Journal of communication disorders. 
44(3):276–293. [PubMed: 21276977] 
Aylward E, Reiss A, Reader M, Singer H, Brown J, Denckla M. 1996; Basal ganglia volumes in 
children with attention-deficit hyperactivity disorder. Journal of Child Neurology. 11(2):112–115. 
[PubMed: 8881987] 
Barres R, Zierath JR. 2011; DNA methylation in metabolic disorders. The American journal of clinical 
nutrition. 93(4):897S–900S. [PubMed: 21289222] 
Bender R, Lange S. 2001; Adjusting for multiple testing—when and how? Journal of clinical 
epidemiology. 54(4):343–349. [PubMed: 11297884] 
Blood GW, Ridenour VJ Jr, Qualls CD, Hammer CS. 2003; Co-occuring disorders in children who 
stutter. Journal of Communication Disorders. 36:427–448. [PubMed: 12967738] 
Bloodstein, O, Ratner, NB. A Handbook on stuttering Delmar Pub. New York: 2008. 
Buck S, Lees R, Cook F. 2002; The influence of family history of stuttering on the onset of stuttering 
in young children. Folia Phoniatrica et Logopaedica. 54(3):117–124. [PubMed: 12077503] 
Cantwell DP. 1972; Psychiatric illness in the families of hyperactive children. Archives of General 
Psychiatry. 27(3):414–417. [PubMed: 5051632] 
Choi D, Conture E, Walden T, Lambert W, Tumanova V. 2013; Behavioral inhibition and childhood 
stuttering. Journal of fluency disorders. 38(2):171–183. [PubMed: 23773669] 
Choi D, Conture E, Walden T, Jones R, Kim H. 2016Emotional diathesis, emotional stress and 
childhood stuttering. Journal of Speech Language and Hearing Research (59). :616–630.
Clark C, Conture E, Frankel C, Walden T. 2012; Communicative and psychological dimensions of the 
KiddyCAT. Journal of communication disorders. 45(3):223–234. [PubMed: 22333753] 
Clark C, Conture E, Walden T, Lambert W. 2013; Speech sound articulation abilities of preschool-age 
children who stutter. Journal of fluency disorders. 38(4):325–341. [PubMed: 24331241] 
Clark C, Conture E, Walden T, Lambert W. 2015; Speech-Language Dissociations, Distractibility, and 
Childhood Stuttering. American Journal of Speech-Language Pathology. 24(3):480–503. 
[PubMed: 26126203] 
Choi et al. Page 18
J Commun Disord. Author manuscript; available in PMC 2019 January 01.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
Conture, EG. Stuttering: Its nature, diagnosis, and treatment. Allyn & Bacon: 2001. 
Conture, E, Walden, T. Dual diathesis-stressor model of stuttering. In: Bellakova, L, Filatova, Y, 
editorsTheoretical issues of fluency disorders. Moscow, Russia: National Book Centre; 2012. 94–
127. 
Conture EG, Walden TA, Arnold HS, Graham CG, Hartfield KN, Karrass J. 2006; Communication-
emotional model of stuttering. Current issues in stuttering research and practice. 2:17–47.
Cooper EB. 1972; Recovery from stuttering in a junior and senior high school population. Journal of 
Speech, Language, and Hearing Research. 15(3):632–638.
Cox N, Kramer P, Kidd K, Rao D. 1984; Segregation analyses of stuttering. Genetic epidemiology. 
1(3):245–253. [PubMed: 6549563] 
Darley, F. The relationship of parental attitudes and adjustments to the development of stuttering. In: 
Johnson, W, Leutenegger, R, editorsStuttering in children and adults. Minneapolis: University of 
Minnesota Press; 1955. 
Dempster A, Laird N, Rubin D. 1977Maximum likelihood from incomplete data via the EM algorithm. 
Journal of the royal statistical society. Series B (methodological). :1–38.
Dollaghan C, Campbell T, Paradise J, Feldman H, Janosky J, Pitcairn D, Kurs-Lasky M. 1999; 
Maternal education and measures of early speech and language. Journal of Speech, Language, and 
Hearing Research. 42(6):1432–1443.
Donaher J, Richels C. 2012; Traits of attention deficit/hyperactivity disorder in school-age children 
who stutter. Journal of fluency disorders. 37(4):242–252. [PubMed: 23218208] 
Dunn, L, Dunn, L. Peabody Picture Vocabulary Test-IV (PPVT-IV). 4. Circle Pines, MN: American 
Guideline Service, Inc.; 2007. 
Eggers K, Luc F, Van den Bergh B. 2010; Temperament dimensions in stuttering and typically 
developing children. Journal of Fluency Disorders. 35(4):355–372. [PubMed: 21130269] 
Eggers K, Luc F, Van den Bergh B. 2012; The efficiency of attentional networks in children who 
stutter. Journal of Speech, Language, and Hearing Research. 55(3):946–959.
Felsenfeld S, Kirk KM, Zhu G, Statham D, Neale M, Martin N. 2000; A study of the genetic and 
environmental etiology of stuttering in a selected twin sample. Behavior Genetics. 30(5):359–366. 
[PubMed: 11235981] 
Felsenfeld S, McGue M, Broen PA. 1995; Familial aggregation of phonological disorders: Results 
from a 28-year follow-up. Journal of Speech, Language, and Hearing Research. 38(5):1091–1107.
Felsenfeld S, van Beijsterveldt C, Boomsma D. 2010; Attentional regulation in young twins with 
probable stuttering, high nonfluency, and typical fluency. Journal of Speech, Language and 
Hearing Research. 53:1147–1166.
Giraud A, Neumann K, Bachoud-Levi A, von Gudenberg A, Euler H, Lanfermann H, Preibisch C. 
2008; Severity of dysfluency correlates with basal ganglia activity in persistent developmental 
stuttering. Brain and language. 104(2):190–199. [PubMed: 17531310] 
Godai U, Tatarelli R, Bonanni G. 1976; Stuttering and tics in twins. Acta geneticae medicae et 
gemellologiae: twin research. 25(01):369–375. [PubMed: 1036386] 
Goldman, R, Fristoe, M. Goldman-Fristoe Test of Articulation 2. Circle Pines, MN: AGS; 2000. 
Hart H, Radua J, Nakao T, Mataix-Cols D, Rubia K. 2013; Meta-analysis of functional magnetic 
resonance imaging studies of inhibition and attention in attention-deficit/hyperactivity disorder: 
exploring task-specific, stimulant medication, and age effects. JAMA psychiatry. 70(2):185–198. 
[PubMed: 23247506] 
Hedges D, Umar F, Mellon C, Herrick L, Hanson M, Wahl MJ. 1995; Direct comparison of the family 
history method and the family study method using a large stuttering pedigree. Journal of fluency 
disorders. 20(1):25–33.
Hollingshead A. 2011Four factor index of social status. Yale Journal of Sociology(8). :21–52.
Howie P. 1981a; Concordance for stuttering in monozygotic and dizygotic twin pairs. Journal of 
Speech and Hearing Research. 24:317–321. [PubMed: 7197739] 
Howie P. 1981b; Intrapair similarity in frequency of disfluency in monozygotic and dizygotic twin 
pairs containing stutterers. Behavior genetics. 11(3):227–238. [PubMed: 7199909] 
Choi et al. Page 19
J Commun Disord. Author manuscript; available in PMC 2019 January 01.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
Hresko, W, Reid, D, Hamill, D. Test of Early Language Development-Third Edition. Austin, TX: Pro-
Ed; 1999. 
Janssen P, Kraaimaat F, Brutten G. 1990; Relationship between stutterers' genetic history and speech-
associated variables. Journal of Fluency Disorders. 15(1):39–48.
Johnson, W. AssocIates. The onset of stuttering. Minneapolis: University of Minnesota Press; 1959. 
Jones R, Buhr A, Conture E, Tumanova V, Walden T, Porges S. 2014; Autonomic nervous system 
activity of preschool-age children who stutter. Journal of fluency disorders. 41:12–31. [PubMed: 
25087166] 
Jones R, Conture E, Walden T. 2014; Emotional reactivity and regulation associated with fluent and 
stuttered utterances of preschool-age children who stutter. Journal of communication disorders. 
48:38–51. [PubMed: 24630144] 
Jones R, Walden T, Conture E, Erdmir A, Lambert W, Porges S. Executive functions impact the 
relation between respiratory sinus arrhythmia and frequency of stuttering in young children who 
do and do not stutter. Journal of Speech, Language and Hearing Research. 
Karrass J, Walden T, Conture E, Graham C, Arnold H, Hartfield K, Schwenk K. 2006; Relation of 
emotional reactivity and regulation to childhood stuttering. Journal of communication disorders. 
39(6):402–423. [PubMed: 16488427] 
Keselman H, Huberty C, Lix L, Olejnik S, Cribbie RA, Donahue B, Levin J. 1998; Statistical practices 
of educational researchers: An analysis of their ANOVA, MANOVA, and ANCOVA analyses. 
Review of Educational Research. 68(3):350–386.
Kidd KK, Heimbuch RC, Records MA, Oehlert G, Webster RL. 1980; Familial stuttering patterns are 
not related to one measure of severity. J Speech Hear Res. 23(3):539–545. [PubMed: 7421157] 
Kraft S, Yairi E. 2011; Genetic bases of stuttering: The state of the art, 2011. Folia Phoniatrica et 
Logopaedica. 64(1):34–47.
Lan J, Song M, Pan C, Zhuang G, Wang Y, Ma W, Liu L. 2009; Association between dopaminergic 
genes (SLC6A3 and DRD2) and stuttering among Han Chinese. Journal of Human Genetics. 
54(8):457–460. [PubMed: 19590515] 
Law J, Boyle J, Harris F, Harkness A, Nye C. 2000; Prevalence and natural history of primary speech 
and language delay: findings from a systematic review of the literature. International Journal of 
Language and Communication Disorders. 35:165–188. [PubMed: 10912250] 
Lewis BA, Shriberg LD, Freebairn LA, Hansen AJ, Stein CM, Taylor HG, Iyengar SK. 2006; The 
genetic bases of speech sound disorders: Evidence from spoken and written language. Journal of 
Speech, Language, and Hearing Research. 49(6):1294–1312.
Mann H, Whitney D. 1947On a test of whether one of two random variables is stochastically larger 
than the other. The annals of mathematical statistics. :50–60.
Månsson H. 2000; Childhood stuttering: Incidence and development. Journal of Fluency Disorders. 
25(1):47–57.
Martyn MM, Sheehan J. 1968; Onset of stuttering and recovery. Behaviour research and therapy. 6(3):
295–307. [PubMed: 5734548] 
McDevitt S, Carey W. 1978; The measurement of temperament in 3–7 year old children. Journal of 
Child Psychology and Psychiatry. 19(3):245–253. [PubMed: 681467] 
Mehta C, Patel N. 1983; A network algorithm for performing Fisher's exact test in r× c contingency 
tables. Journal of the American Statistical Association. 78(382):427–434.
Meyer BC. 1945; Psychosomatic aspects of stuttering. The Journal of Nervous and Mental Disease. 
101(2):127–157.
Morrison JR, Stewart MA. 1971A family study of the hyperactive child syndrome. Biological 
Psychiatry. 
Murray H, Reed C. 1977; Language abilities of preschool stuttering children. Journal of Fluency 
Disorders. 2(3):171–176.
Neils J, Aram DM. 1986; Family history of children with developmental language disorders. 
Perceptual and Motor Skills. 63(2):655–658. [PubMed: 3774471] 
Nelson SE. 1939; The role of heredity in stuttering. The Journal of Pediatrics. 14(5):642–654.
Choi et al. Page 20
J Commun Disord. Author manuscript; available in PMC 2019 January 01.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
Ntourou K, Conture E, Lipsey MW. 2011; Language Abilities of Children Who Stutter: A meta-
analytical review. American Journal of Speech-Language Pathology. 20:163–180. [PubMed: 
21478281] 
Ntourou K, Conture E, Walden T. 2013; Emotional reactivity and regulation in preschool-age children 
who stutter. Journal of fluency disorders. 38(3):260–274. [PubMed: 24238388] 
Pastor PN, Reuben CA, Duran CR, Hawkins LD. 2015Association between Diagnosed ADHD and 
Selected Characteristics among Children Aged 4–17 Years: United States, 2011–2013. NCHS Data 
Brief. Number 201. Centers for Disease Control and Prevention. 
Pellowski MW, Conture EC, Anderson J. 2000; Articulatory and phonological assessment of children 
who stutter. Journal of Fluency Disorders. 25(3):257–258.
Porfert AR, Rosenfield DB. 1978; Prevalence of stuttering. Journal of Neurology, Neurosurgery & 
Psychiatry. 41(10):954–956.
Poulos MG, Webster WG. 1991; Family history as a basis for subgrouping people who stutter. Journal 
of Speech, Language, and Hearing Research. 34(1):5–10.
Quinn, G, Keough, M. Experimental design and data analysis for biologists. Cambridge University 
Press; 2002. 
Ratner N, Silverman S. 2000; Parental perceptions of children's communicative development at 
stuttering onset. Journal of Speech, Language, and Hearing Research. 43(5):1252–1263.
Riches N, Loucas T, Baird G, Charman T, Simonoff E. 2011; Non-word repetition in adolescents with 
specific language impairment and autism plus language impairments: A qualitative analysis. 
Journal of communication disorders. 44(1):23–36. [PubMed: 20673911] 
Riley, G. Stuttering Severity Instrument for Children and Adults – 3 (SSI-3). 3. Austin, TX: PRO-ED; 
1994. 
Riley G, Riley J. 2000; A revised component model for diagnosing and treating children who stutter. 
Contemporary Issues in Communication Sciences and Disorders. 27:188–199.
Seider RA, Gladstien KL, Kidd KK. 1982; Language onset and concomitant speech and language 
problems in subgroups of stutterers and their siblings. Journal of Speech, Language, and Hearing 
Research. 25(4):482–486.
Shin M, Chon H, Lee J. Family History of Stuttering in Korean Children Who Stutter. Communication 
Sciences & Disorders. 16(3):304–311.
Smith A, Kelly E. 1997; Stuttering: A dynamic, multifactorial model. Nature and treatment of 
stuttering: New directions. 2:204–217.
Subramanian A, Yairi E. 2006; Identification of traits associated with stuttering. Journal of 
communication disorders. 39(3):200–216. [PubMed: 16455103] 
Swanson JM, Flodman P, Kennedy J, Spence MA, Moyzis R, Schuck S, Posner M. 2000; Dopamine 
genes and ADHD. Neuroscience & Biobehavioral Reviews. 24(1):21–25. [PubMed: 10654656] 
Tallal P, Townsend J, Curtiss S, Wulfeck B. 1991; Phenotypic profiles of language-impaired children 
based on genetic/family history. Brain and language. 41(1):81–95. [PubMed: 1884193] 
Tani T, Sakai Y. 2011; Analrysis of five cases with neurogenic stuttering following brain injury in the 
basal ganglia. Journal of fluency disorders. 36(1):1–16. [PubMed: 21439419] 
Teicher M, Anderson C, Polcari A, Glod C, Maas L, Renshaw P. 2000; Functional deficits in basal 
ganglia of children with attention-deficit/hyperactivity disorder shown with functional magnetic 
resonance imaging relaxometry. Nature medicine. 6(4):470–473.
Thapar A, Holmes J, Poulton K, Harrington R. 1999; Genetic basis of attention deficit and 
hyperactivity. The British Journal of Psychiatry. 174(2):105–111. [PubMed: 10211163] 
Tumanova V, Conture E, Lambert E, Walden T. 2014; Speech disfluencies of preschool-age children 
who do and do not stutter. Journal of communication disorders. 49:25–41. [PubMed: 24503151] 
Viswanath N, Lee HS, Chakraborty R. 2004; Evidence for a major gene influence on persistent 
developmental stuttering. Human Biology. 76(3):401–412. [PubMed: 15481675] 
Walden T, Frankel C, Buhr A, Johnson K, Conture E, Karrass J. 2012; Dual diathesis-stressor model of 
emotional and linguistic contributions to developmental stuttering. Journal of abnormal child 
psychology. 40(4):633–644. [PubMed: 22016200] 
Wepman JM. 1939; Familial incidence of stammering. Journal of Heredity. 30(5):207–210.
Choi et al. Page 21
J Commun Disord. Author manuscript; available in PMC 2019 January 01.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
West R, Nelson S, Berry M. 1939; The heredity of stuttering. Quarterly Journal of Speech. 25(1):23–
30.
Williams, K. Expressive Vocabulary Test-Second Edition. Circle Pines, MN: AGS; 2007. 
Yairi E. 1983; The onset of stuttering in two-and three-year-old children: A preliminary report. Journal 
of Speech and hearing Disorders. 48(2):171–177. [PubMed: 6621009] 
Yairi E, Ambrose N. 1992; Onset of stuttering in preschool children: Selected factors. Journal of 
Speech, Language, and Hearing Research. 35(4):782–788.
Yairi, E, Ambrose, N. Early childhood stuttering: For clinicians, by clinicians. Austin: ProEd, Inc.; 
2005. 
Yairi E, Ambrose N. 2013; Epidemiology of stuttering: 21st century advances. Journal of fluency 
disorders. 38(2):66–87. [PubMed: 23773662] 
Yairi E, Ambrose N, Cox N. 1996; Genetics of Stuttering: A Critical Review. Journal of Speech, 
Language, and Hearing Research. 39(4):771–784.
Yairy, E, Seery, CH. Stuttering foundations and clinical applications. Vol. 2. Pearson Education 
Limited; 2015. 
Yaruss JS. 1998; Real-Time Analysis of Speech Fluency Procedures and Reliability Training. 
American Journal of Speech-Language Pathology. 7(2):25–37.
Zengin-Bolatkale H, Conture E, Walden T. 2015; Sympathetic arousal of young children who stutter 
during a stressful picture naming task. Journal of fluency disorders. 46:24–40. [PubMed: 
26296616] 
Choi et al. Page 22
J Commun Disord. Author manuscript; available in PMC 2019 January 01.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
Highlights
1. Caregiver reports of a family history of stuttering are reasonably stable over 
time.
2. CWNS with a family history of stuttering tended to have a family history of 
ADHD.
3. CWNS with a family history of stuttering exhibited relatively low language 
ability.
4. Results shed light on the vulnerabilities in families with a history of 
stuttering.
Choi et al. Page 23
J Commun Disord. Author manuscript; available in PMC 2019 January 01.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
Choi et al. Page 24
Ta
b
le
 1
Tw
en
ty
 o
ne
 s
el
ec
te
d 
ac
ce
ss
ib
le
 s
tu
di
es
 (
fr
om
 1
93
7 
to
 2
01
1)
 o
f 
fa
m
ily
 h
is
to
ri
es
 o
f 
st
ut
te
ri
ng
 –
 a
lp
ha
be
tic
al
ly
 li
st
ed
 -
 f
or
 p
eo
pl
e 
w
ho
 d
o 
(P
W
S)
 a
nd
 d
o 
no
t 
st
ut
te
r 
(P
W
N
S)
 a
cr
os
s 
va
ry
in
g 
ag
es
. P
er
ce
nt
ag
es
 o
f 
im
m
ed
ia
te
 a
nd
 e
xt
en
de
d 
fa
m
ily
 m
em
be
rs
 w
ho
 s
tu
tte
r 
ar
e 
pr
ov
id
ed
 w
he
ne
ve
r 
av
ai
la
bl
e.
St
ud
y
P
ar
ti
ci
pa
nt
s
P
W
S 
W
it
h 
a
F
am
ily
 H
is
to
ry
 o
f
St
ut
te
ri
ng
 (
%
)
P
W
N
S 
W
it
h 
a
F
am
ily
 H
is
to
ry
 o
f
St
ut
te
ri
ng
 (
%
)
In
fo
rm
an
ts
P
W
S
(n
)
P
W
N
S
(n
)
A
ge
(y
ea
rs
)
A
m
br
os
e,
 Y
ai
ri
, &
 C
ox
 (
19
93
)
69
-
2–
6
43
%
 in
 im
m
ed
ia
te
; 7
1%
 in
 e
xt
en
de
d
-
B
ot
h 
pa
re
nt
s 
w
he
n 
po
ss
ib
le
A
nd
re
w
s 
&
 H
ar
ri
s 
(1
96
4)
80
80
9–
11
37
.5
%
1.
3%
M
ot
he
rs
B
ry
ng
el
so
n 
(1
93
9)
78
78
17
–3
1
54
%
6%
Se
lf
B
ry
ng
el
so
n 
&
 R
ut
he
rf
or
d 
(1
93
7)
74
74
4–
16
46
%
18
%
Pa
re
nt
s 
&
 r
el
at
iv
es
B
uc
k,
 L
ee
s,
 &
 C
oo
k 
(2
00
2)
61
-
2–
6
45
.9
%
 in
 im
m
ed
ia
te
; 7
2.
1%
 in
 e
xt
en
de
d
B
ot
h 
pa
re
nt
s 
w
he
n 
po
ss
ib
le
C
oo
pe
r 
(1
97
2)
18
7
-
12
–1
7
28
%
-
Se
lf
D
ar
le
y 
(1
95
5)
50
50
2–
14
52
%
42
%
B
ot
h 
pa
re
nt
s
D
ra
yn
a,
 K
ils
ha
w
, &
 K
el
ly
 (
19
99
)
19
99
 (
pe
rs
is
te
nt
)
-
>
14
53
.3
%
 o
f 
pe
rs
is
te
nt
-
Se
lf
Jo
hn
so
n 
&
 A
ss
oc
ia
te
s 
(1
95
9)
15
0
15
0
2–
8
23
.3
%
6%
Pa
re
nt
s
M
an
ss
on
 (
20
00
)
12
 (
pe
rs
is
te
nt
1 )
-
5
50
%
 in
 im
m
ed
ia
te
; 6
7%
 in
 e
xt
en
de
d
-
Pa
re
nt
s
M
ar
ty
n 
&
 S
he
eh
an
 (
19
68
)
37
 (
pe
rs
is
te
nt
);
 4
8 
(r
ec
ov
er
ed
)
27
7
16
–5
6
32
.9
%
 o
f 
to
ta
l N
 (
40
.5
%
 o
f 
pe
rs
is
te
nt
; 2
7.
1%
 
of
 r
ec
ov
er
ed
);
6.
1%
Se
lf
M
ey
er
 (
19
45
)
10
0
24
6
10
–5
0
61
%
6.
5%
-
Po
rf
er
t &
 R
os
en
fi
el
d 
(1
97
8)
44
 (
pe
rs
is
te
nt
);
 6
0 
(r
ec
ov
er
ed
)
19
65
co
lle
ge
 s
tu
de
nt
s
21
.2
%
 o
f 
to
ta
l N
 (
29
.5
%
 o
f 
pe
rs
is
te
nt
; 1
5%
 
of
 r
ec
ov
er
ed
);
5%
Se
lf
Po
ul
os
 &
 W
eb
st
er
 (
19
91
)
16
9
-
14
–6
0
46
%
 in
 im
m
ed
ia
te
; 6
6%
 in
 e
xt
en
de
d
-
Se
lf
Sh
in
, C
ho
n,
 &
 L
ee
 (
20
11
)
27
7
-
2–
6
27
.3
%
 in
 im
m
ed
ia
te
; 4
9.
3%
 in
 e
xt
en
de
d
-
Pa
re
nt
s
V
is
w
an
at
h,
 L
ee
, &
 C
ha
kr
ab
or
ty
 
(2
00
4)
56
-
ad
ul
ts
84
%
 in
 e
xt
en
de
d
-
Se
lf
, p
ar
en
ts
 o
r 
sp
ou
se
s
W
ep
m
an
 (
19
39
)
25
0
25
0
ch
ild
re
n
68
.8
%
15
.6
%
Pa
re
nt
s
W
es
t, 
N
el
so
n,
 &
 B
er
ry
 (
19
39
)
20
4
20
4
4–
30
51
%
 in
 e
xt
en
de
d
18
.1
%
 in
 e
xt
en
de
d
N
/A
Y
ai
ri
 (
19
83
)
22
-
2–
3
45
%
 in
 im
m
ed
ia
te
; 6
4%
 in
 e
xt
en
de
d
-
M
ot
he
rs
Y
ai
ri
 &
 A
m
br
os
e 
(1
99
2)
87
-
1–
6
46
.6
%
 in
 im
m
ed
ia
te
; 6
6.
3%
 in
 e
xt
en
de
d
-
Pa
re
nt
s
Y
ai
ri
 &
 A
m
br
os
e 
(2
00
5)
12
3
-
ch
ild
re
n
69
%
 o
f 
to
ta
l N
 (
88
%
 o
f 
pe
rs
is
te
nt
; 6
5%
 o
f 
re
co
ve
re
d)
-
Pa
re
nt
s
J Commun Disord. Author manuscript; available in PMC 2019 January 01.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
Choi et al. Page 25
St
ud
y
P
ar
ti
ci
pa
nt
s
P
W
S 
W
it
h 
a
F
am
ily
 H
is
to
ry
 o
f
St
ut
te
ri
ng
 (
%
)
P
W
N
S 
W
it
h 
a
F
am
ily
 H
is
to
ry
 o
f
St
ut
te
ri
ng
 (
%
)
In
fo
rm
an
ts
P
W
S
(n
)
P
W
N
S
(n
)
A
ge
(y
ea
rs
)
M
E
A
N
Im
m
ed
ia
te
: 4
3.
4%
 E
xt
en
de
d:
 6
5.
6%
 
Pe
rs
is
te
nt
: 5
2.
8%
 R
ec
ov
er
ed
: 3
5.
7%
 
U
ns
pe
ci
fi
ed
: 4
6.
3%
E
xt
en
de
d:
 1
8.
1%
 
U
ns
pe
ci
fi
ed
: 1
1.
8%
1 A
lth
ou
gh
 1
,0
21
 c
hi
ld
re
n 
pa
rt
ic
ip
at
ed
 in
 th
e 
st
ud
y,
 f
am
ily
 h
is
to
ry
 d
at
a 
w
as
 o
nl
y 
re
po
rt
ed
 f
or
 a
 s
ub
se
t o
f 
ch
ild
re
n 
w
ho
se
 s
tu
tte
ri
ng
 p
er
si
st
ed
 f
or
 tw
o 
ye
ar
s 
an
d 
pr
ov
id
ed
 f
am
ily
 h
is
to
ry
 d
at
a 
(n
=
12
).
 T
hu
s,
 d
at
a 
re
po
rt
ed
 in
 th
is
 ta
bl
e 
(e
.g
., 
ag
e 
of
 p
ar
tic
ip
an
ts
 a
nd
 p
er
ce
nt
ag
es
 o
f 
fa
m
ily
 m
em
be
rs
 w
ho
 s
tu
tte
re
d)
 a
re
 f
or
 th
at
 s
ub
se
t.
N
ot
e:
 N
/A
 =
 N
ot
 a
va
ila
bl
e 
du
e 
to
 li
m
ite
d 
ac
ce
ss
 to
 th
e 
or
ig
in
al
 a
rt
ic
le
s.
Im
m
ed
ia
te
 =
 p
ar
tic
ip
an
t’
s 
fa
m
ily
 in
cl
ud
in
g 
pa
re
nt
s 
an
d 
si
bl
in
gs
 (
an
d 
of
fs
pr
in
g 
if
 p
ar
tic
ip
an
ts
 w
er
e 
ad
ul
ts
);
E
xt
en
de
d 
=
 p
ar
tic
ip
an
t’
s 
fa
m
ily
 in
cl
ud
in
g 
pa
re
nt
s 
an
d 
si
bl
in
gs
, g
ra
nd
pa
re
nt
s,
 a
un
ts
, u
nc
le
s,
 a
nd
 o
th
er
 r
el
at
iv
es
.
Pe
rs
is
te
nt
 =
 in
di
vi
du
al
s 
w
ith
 p
er
si
st
en
t s
tu
tte
ri
ng
; R
ec
ov
er
ed
 =
 in
di
vi
du
al
s 
w
ho
 r
ec
ov
er
ed
 f
ro
m
 s
tu
tte
ri
ng
J Commun Disord. Author manuscript; available in PMC 2019 January 01.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
Choi et al. Page 26
Ta
b
le
 2
D
es
cr
ip
tiv
e 
in
fo
rm
at
io
n 
fo
r 
th
e 
75
 p
ar
tic
ip
an
ts
 –
 c
hi
ld
re
n 
w
ho
 s
tu
tte
r 
(C
W
S;
 n
 =
 2
5)
 a
nd
 c
hi
ld
re
n 
w
ho
 d
o 
no
t s
tu
tte
r 
(C
W
N
S;
 n
 =
 5
0)
 –
 w
ho
se
 d
at
a 
w
er
e 
in
cl
ud
ed
 in
 th
is
 s
tu
dy
’s
 f
in
al
 d
at
a 
co
rp
us
.
C
hi
ld
re
n 
w
it
h 
a 
po
si
tiv
e 
fa
m
ily
 h
is
to
ry
 o
f 
st
ut
te
ri
ng
C
hi
ld
re
n 
w
it
h 
a 
ne
ga
tiv
e 
fa
m
ily
 h
is
to
ry
 o
f 
st
ut
te
ri
ng
M
ea
su
re
s
A
ll 
ch
ild
re
n
(C
W
S+
C
W
N
S,
n=
12
)
C
W
S
(n
=6
)
C
W
N
S
(n
=6
)
A
ll 
ch
ild
re
n
(C
W
S+
C
W
N
S,
 n
=6
3)
C
W
S
(n
=1
9)
C
W
N
S
(n
=4
4)
G
en
de
r 
(M
al
e:
Fe
m
al
e)
2:
1
2:
1
2:
1
1.
52
:1
18
:1
1:
1.
2
A
ge
 (
in
 m
on
th
s)
44
.4
6 
(7
.6
8)
45
.1
3 
(7
.7
9)
43
.7
8 
(8
.2
3)
48
.0
9 
(9
.0
6)
44
.9
1 
(6
.6
7)
49
.4
6 
(9
.6
7)
SE
S 
(r
an
ge
 f
ro
m
 1
4 
to
 6
6)
52
.6
7 
(4
.8
9)
54
.3
3 
(6
.2
3)
51
.0
0 
(2
.6
6)
50
.2
1 
(1
2.
51
)
50
.2
4 
(1
1.
91
)
50
.2
0 
(1
2.
89
)
St
ut
te
re
d 
D
is
fl
ue
nc
ie
s 
(S
D
, %
)
4.
08
 (
2.
93
)
6.
39
 (
2.
28
)
1.
78
 (
.9
6)
3.
21
 (
3.
59
)
7.
61
 (
3.
68
)
1.
31
 (
.8
0)
N
on
st
ut
te
re
d 
D
is
fl
ue
nc
ie
s 
(N
D
, %
)
3.
39
 (
1.
72
)
3.
00
 (
2.
19
)
3.
78
 (
1.
15
)
3.
98
 (
2.
99
)
5.
09
 (
3.
05
)
3.
51
 (
2.
87
)
To
ta
l D
is
fl
ue
nc
ie
s 
(T
D
, %
)
7.
47
 (
2.
85
)
9.
39
 (
2.
55
)
5.
56
 (
1.
60
)
7.
20
 (
5.
11
)
12
.7
0 
(4
.8
2)
4.
82
 (
2.
95
)
St
ut
te
ri
ng
 S
ev
er
ity
 (
SS
I-
3)
11
.6
7 
(6
.0
1)
16
.0
0 
(3
.3
5)
7.
33
 (
2.
07
)
10
.5
9 
(6
.1
5)
18
.1
1 
(5
.1
7)
6.
73
 (
1.
85
)
* N
ot
e.
SD
=
st
ut
te
re
d 
di
sf
lu
en
ci
es
N
SD
=
no
n-
st
ut
te
re
d 
di
sf
lu
en
ci
es
T
D
=
to
ta
l d
is
fl
ue
nc
ie
s 
SS
I-
3=
St
ut
te
ri
ng
 S
ev
er
ity
 I
ns
tr
um
en
t-
3 
(R
ile
y,
 1
99
4)
SE
S 
(s
oc
ia
l-
ec
on
om
ic
 s
ta
tu
s)
 w
as
 d
et
er
m
in
ed
 b
y 
H
ol
lin
gs
he
ad
’s
 f
ou
r 
fa
ct
or
 in
de
x 
(2
01
1)
, w
hi
ch
 r
an
ge
d 
fr
om
 1
4 
to
 6
6,
 w
ith
 lo
w
er
 v
al
ue
s 
in
di
ca
tin
g 
lo
w
er
 S
E
S.
Fa
m
ily
 h
is
to
ry
 o
f 
st
ut
te
ri
ng
 =
 E
ac
h 
pa
rt
ic
ip
an
t’
s 
a 
po
si
tiv
e 
(i
.e
., 
pr
es
en
ce
) 
or
 n
eg
at
iv
e 
(i
.e
., 
ab
se
nc
e)
 f
am
ily
 h
is
to
ry
 o
f 
st
ut
te
ri
ng
 w
as
 b
as
ed
 o
n 
hi
s 
or
 h
er
 c
ar
eg
iv
er
’s
 c
on
si
st
en
t r
ep
or
t a
cr
os
s 
3 
co
ns
ec
ut
iv
e 
tim
e 
po
in
ts
 (
8 
m
on
th
s 
ap
ar
t)
 s
pa
nn
in
g 
a 
to
ta
l o
f 
16
 m
on
th
s.
J Commun Disord. Author manuscript; available in PMC 2019 January 01.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
Choi et al. Page 27
Table 3
For CWNS (n=44) and CWS (n=21) with consistent reports of a family history of articulation disorders (AD), 
the relations between a family history of stuttering and a family history of articulation disorders (AD).
CWNS with a family history of 
stuttering (n=6)
CWNS (n=44) CWNS without a 
family history of stuttering (n=38)
Fisher’s Exact Test p 
value
CWNS with a family history of AD 1 5 p=1.00
CWNS without a family history of 
AD
5 33
CWS with a family history of 
stuttering (n=6)
CWS (n=21) CWS without a family 
history of stuttering (n=15)
Fisher’s Exact Test p 
value
CWS with a family history of AD 0 2 p=1.00
CWS without a family history of AD 6 13
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Table 4
For CWNS (n=49) and CWS (n=22) with consistent reports of a family history of language disorders (LD), the 
relations between a family history of stuttering and a family history of LD.
CWNS with a family history of 
stuttering (n=6)
CWNS (n=49) CWNS without a 
family history of stuttering (n=43)
Fisher’s Exact Test p 
value
CWNS with a family history of LD 0 2 p=1.00
CWNS without a family history of LD 6 41
CWS with a family history of 
stuttering (n=6)
CWS (n=22) CWS without a family 
history of stuttering (n=16)
Fisher’s Exact Test p 
value
CWS with a family history of LD 0 0 N/A
CWS without a family history of LD 6 16
Note. N/A = non-applicable. No statistics were computed because there were not two variables.
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Table 5
For CWNS (n=44) and CWS (n=23) with consistent reports of family history of ADHD, the relations between 
a family history of stuttering and a family history of ADHD.
CWNS with a family history of 
stuttering (n=4)
CWNS (n=44) CWNS without a 
family history of stuttering (n=40)
Fisher’s Exact Test p 
value
CWNS with a family history of 
ADHD
2 1 p=.018
CWNS without a family history of 
ADHD
2 39
CWS with a family history of 
stuttering (n=6)
CWS (n=22) CWS without a family 
history of stuttering (n=16)
Fisher’s Exact Test p 
value
CWS with a family history of ADHD 0 2 p=1.00
CWS without a family history of 
ADHD
6 15
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